Background
==========

Meningeal carcinomatosis (MC) is dissemination and infiltration of malignant cells throughout the arachnoid and pia mater of the central nervous system (CNS); it is associated with devastating neurologic complications and dismal prognosis \[[@b1-amjcaserep-16-224]\]. Recent advances in systemic chemotherapy and targeted agents contributed to improved clinical outcomes in NSCLC patients. However, their prolonged survival has led to a relative increase in the risk of CNS metastasis and progression, in which the blood-brain barrier impedes the passage of effective systemic agents \[[@b2-amjcaserep-16-224]\].

Despite recent developments in treatment of NSCLC, little improvement has been made in the clinical outcome of NSCLC patients with MC. The prognosis remains poor, with a median survival of less than 3 months after diagnosis of MC \[[@b3-amjcaserep-16-224]\]. Conventional treatment options for MC include intrathecal chemotherapy (ITC), systemic chemotherapy, targeted agents, and radiotherapy. Of these, ITC has been regarded as the most reliable way to deliver chemotherapeutic agents into subarachnoidal space. However, there are a limited number of therapeutic agents currently available for ITC and the optimal dose and scheduling of the agents remain elusive. Commonly used agents for first-line ITC against newly diagnosed MC include methotrexate (MTX), cytarabine, liposomal cytarabine, and thiotepa \[[@b4-amjcaserep-16-224]\]. In spite of ITC and multimodal treatments, nearly all NSCLC patients with MC experience treatment failure with neurologic progression within several weeks. Selected fit patients with good performance status need salvage treatment for preventing further neurologic deficit and prolonging overall survival. Unfortunately, research on salvage ITC after failure of first-line treatment for NSCLC patients with MC is scarce in the literature. Here, we report the case of an NSCLC patient with MC who achieved durable response to salvage intrathecal etoposide subsequent to failure of MTx.

Case Report
===========

A 58-year-old Asian man with a 30-pack/year history of smoking was diagnosed with lung adenocarcinoma with bone metastasis. Molecular biomarker assays revealed the tumor had no epidermal growth factor receptor gene mutation and anaplastic lymphoma kinase gene rearrangement. As a palliative, systemic chemotherapy, 4 cycles of pemetrexed/cisplatin followed by 8 cycles of pemetrexed maintenance therapy were administered, with tumor response of stable disease according to Response Evaluation Criteria In Solid Tumors 1.1 \[[@b5-amjcaserep-16-224]\], until the patient developed gait disturbance, diplopia, and progressively increasing headache. Brain magnetic resonance imaging (MRI) demonstrated enhancing lesions along the ependymal lining of the lateral ventricles ([Figure 1A](#f1-amjcaserep-16-224){ref-type="fig"}). A lumbar puncture was performed and the cerebrospinal fluid (CSF) examination showed high opening pressure of 230 mmH~2~O, elevated protein level (86 mg/dL), normal glucose level, and the presence of malignant cells, diagnostic of MC. Systemic imaging evaluation demonstrated newly developed liver metastasis ([Figure 2A](#f2-amjcaserep-16-224){ref-type="fig"}).

Intrathecal MTx 15 mg was administered bi-weekly via an Ommaya reservoir as a first-line ITC. Despite 2 weeks of the treatment, neurological deficits progressed. The follow-up CSF analysis showed high opening pressure of 240 mmH~2~O, further increased protein (314 mg/dL), and persistent malignant cells. MTx failure was highly suspected. There was no specific recommended salvage treatment for MC progression subsequent to first-line therapy in the literature. After explaining the experimental nature of salvage treatment, written informed consent was obtained from the patient and his family. Based on previous clinical trials to evaluate intrathecal etoposide for MC in metastatic brain tumors \[[@b4-amjcaserep-16-224],[@b6-amjcaserep-16-224]\], etoposide was administered for salvage ITC.

For intrathecal administration, a 5-ml vial containing 100 mg of etoposide (E.P.S^®^, Boryung Pharm Co., Ltd., Seoul, Korea) was diluted with normal saline, yielding a final concentration of 0.2 mg per ml. The final solution of 5 mL containing etoposide 1 mg was injected over a 2-minute period after draining of 5 ml of CSF from the reservoir for discarding. The treatment was given weekly through an Ommaya reservoir. Corticosteroid was administered as a prophylaxis of chemical arachnoiditis.

After the third injection of etoposide, the patient showed neurological improvements. CSF cytology turned negative after the fifth ITC. No adverse event related to intrathecal etoposide was been observed. Brain MRI performed after 2 months of the treatment demonstrated disappearance of enhancing lesions along the ependymal lining of the lateral ventricles ([Figure 1B](#f1-amjcaserep-16-224){ref-type="fig"}). Clinical status markedly improved, with Eastern Cooperative Oncology Group performance status of 2 and gemcitabine was started as second-line systemic chemotherapy.

The patient maintained stable neurologic status and CSF cytology remained negative while weekly injection of etoposide was continued for 19 weeks. However, hepatic metastatic lesions persistently progressed despite systemic palliative chemotherapy ([Figure 2B](#f2-amjcaserep-16-224){ref-type="fig"}) and the patient died of the disease 5 months after the diagnosis of MC.

Discussion
==========

As the incidence of MC in NSCLC patients has been increasing, MC has become an important clinical problem in the management of NSCLC. However, development of new treatment is lacking and a standard treatment guideline is not yet available. ITC, systemic chemotherapy, targeted therapy, and radiotherapy are the conventional treatment options for MC in NSCLC patients. Due to its advantage of distributing effective anti-tumor drugs into CSF, ITC has become the mainstay of treatment for MC in NSCLC patients \[[@b7-amjcaserep-16-224]\]. Despite ITC and other combined treatments, most of the treated patients have neurologic deterioration within several weeks and salvage therapy is required for selected patients to prevent worsening neurologic deficit and to prolong survival \[[@b8-amjcaserep-16-224]\]. However, salvage ITC for NSCLC patients with MC has rarely been reported in the literature. Future research is imperative to evaluate salvage ITC after failure of first-line treatment in NSCLC patients with MC to meet growing clinical demands.

Two clinical trials evaluated the feasibility of intraventricularly administered etoposide in patients with relapsed metastatic brain tumors and demonstrated that etoposide was well tolerated for ITC without significant adverse events \[[@b4-amjcaserep-16-224],[@b6-amjcaserep-16-224]\]. Based on these data, in this case we chose etoposide as salvage ITC subsequent to failure of MTx, because there was no particular salvage regimen recommended for NSCLC patients with MC. Instead of the previously published regimen of 5 consecutive days of intrathecal etoposide, we devised a weekly administration scheme. A single injection per once per week is more simple and convenient in clinical practice than 5 days of injection and 2 to 4 weeks of rest, which was the previously evaluated dosing schedule for intrathecal etoposide.

This case showed durable response to the modified intrathecal administration of etoposide and he continued the treatment for 19 weeks until poor performance status from progression of liver metastasis did not allow further ITC. Neurologic signs related to MC progression had not been detected and normal CSF analysis profile with negative cytology was maintained on serial CSF examinations. Overall survival was 186 days from the diagnosis of MC; the patient did not die directly from MC progression, but rather from systemic progression of the disease. To the best of our knowledge, this is the first case report of salvage intrathecal etoposide after failure of first-line MTx, leading to prolonged response and successful palliation of MC from NSCLC. More clinical studies are required to investigate the effectiveness and safety of intrathecal etoposide for NSCLC patients with MC as an additional ITC regimen.

Conclusions
===========

To our knowledge, this is the first case report in which intrathecal etoposide was successfully used to treat MC from NSCLC after failure of MTx. It is also unique in that we a devised weekly administration scheme of intrathecal etoposide, instead of the previously published 5 consecutive days of administration and 2 to 4 weeks of rest. This case report might provide preliminary evidence of the feasibility of intrathecal etoposide as salvage ITC. Further clinical trials including larger numbers of patients are necessary to evaluate the role of this ITC regimen for NSCLC patients with MC.
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![(**A**) Brain magnetic resonance imaging (MRI) revealed enhancing lesions along the ependymal lining of the lateral ventricles. (**B**) MRI performed after 2 months of salvage intrathecal etoposide demonstrated disappearance of enhancing lesions along the ependymal lining of the lateral ventricles.](amjcaserep-16-224-g001){#f1-amjcaserep-16-224}

![(**A**) Abdominal computed tomography (CT) at the time of diagnosis of meningeal carcinomatosis showed newly developed hepatic metastases. (**B**) Metastatic lesions in liver progressed despite systemic palliative chemotherapy, being considered as a main cause of deterioration of the patient.](amjcaserep-16-224-g002){#f2-amjcaserep-16-224}
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